The increasing order of corrosion resistance to flowing H 2 gas is fused silica, alumino-silicate glass, and mullite in the range 
INTRODUCTION
In the coal gasification reactor, refractory materials capable of withstanding corrosion by reducing atmospheres rich in hydrogen, methane, carbon monoxide and water vapor are necessary. Aluminosilicate typeof refractories are most attractive economically. They have a complex microstructure·containing.a glassy phase and mullite.
Therefore, the reactions of silicate glasses and mullite with hydrogen gas were studied to contribute to an understanding of the nature and mechanisms of the reactions. Studies of the reaction of silica glass with H 2 will be reported elsewhere(l).
II. EXPERIMENTAL
A hydrogen furnace was built for corrosion testing. The furnace design and the hydrogen flow rate were adjusted so that the total reaction rate was nominally constant and independent of the flow rate, as previously described(l). The hydrogen gast had a reported purity of 99.999% and a dew point of -84.4°C. The glasses* listed in Table 1, as LandS, which were used for kinetic studies, were received as slabs. They were core drilled into 9 mm diameter cylinders and then cut into 2 mm thick discs. The as-cut glass samples were treated with hydrofluoric acid solution to remove the irregularly abraded surface layers ( 2 ) . After this treatment, the glass samples were stored in a desiccator.
tLawrence Berkeley Laboratory.
* Supplied by George H. Beall, Corning Glass Works. -3 - The mullite samples were prepared by cold pressing mullite powder containing 73 wt% Al 2 o 3 into discs 10 mm diameter and 2 mm thick. After sintering in air at 1600°C, the diameter was -9 mm. The specimen was essentially theoretically dense with no open porosity because of the presence of a glassy phase at the grain boundaries.
The surfaces of the reacted samples were examined by an optical microscope and a scanning electron microscope. X-ray diffraction analysis was used to identify the presence and nature of crystalline phases. Chemical composition and concentration profiles were determined by electron microprobe analyses of samples that were vacuum-mounted with epoxy and polished to a quarter micron grade. The concentration profile was obtained by traversing the electron beam of-1 llm diameter perpendicular to the reaction interface. If large fluctuations were present due to either phase separation or porosity, line .scanning of-50 to 100 llm parallel to the reaction interface was applied at every point to obtain an average composition. The data were corrected for absorption, fluorescence, atomic number, dead time, drift and background.
III. RESULTS AND DISCUSSION (A) Reaction with Silicate Glasses
(1) Phase Separation and Crystallization of Glasses For the alumino-silicate glass L, phase separation which can be a precursor to crystallization can occur due to a metastable immiscibility gap in the system. Crystallization was reported( 3 ) to occur upon heating above 1000°C. Usually, the -4 -crystalline grains remained very small so that the sample was still translucent to transparent. XRD analysis at 1200°C for 10 h indicated only mullite; after an additional 10 h at l300°C cristobalite was also present.
For the calcium-alumino-silicate te.rnary glass S, the metastable immiscibility gap between Si0 2 and Al 2~3 may be enhanced with additions of CaO since phase separation and crystallization has been observed to occur more readily in this system. The glass became opaque upon heating above l000°C. Strong XRD peaks were observed after 10 h of heating at 1200°C, and subsequent heating at 1300°C for 10 h did not introduce significant changes to the diffraction pattern although a small-increase in bulk density was monitored. In addition to diffraction peaks for mullite, a set of sharp, reproducible peaks were also present which were not definitely identified. No cristobalite peaks were found. after reaction with hydrogen gas, as shown in Fig. 1 ; these did not appear in the 1500°C heating. The formation of the rosette pattern is related to the cristobalite phase( 3 ). As cristobalite crystallization normally occurs with a spherulitic habit and its reaction rate with hydrogen gas is slightly higher, a depression in the shape of a rosette·.,.is formed. At 1500°C, the . . . surface diffusion rate, is_ was not an effective transport barrier to H 2 or reaction products.
The tota 1 reaction rate of L glass is much 1 ower than that for pure silica glass(l), which is included in Fig. 3·for comparison. Silica glass was shown to react with H 2 to form SiO and H 2 0 gases, according to Eq. (1), which were carried away
by the flowing hydrogen leaving no residue layer. The rate-limiting step was deduced to be the desorption of the product from the glass surface(l). If it is assumed that the same reaction takes place in L glass and that the Al 2 o 3 does not react with H 2 , the decrease in provides an explanation for the strong affinity of water vapor or hydroxyl radical to the alumino-silicate material. In the reaction with hydrogen gas, the increased interactions with the hydroxyl radical.
and water vapor tend to make the desorption an even slower step, thus stabilizing the silica and reducing the total reaction rate.
The addition of CaO (S glass) did not have a significant effect on the reaction rate at l400°C, as seen in Fig. 3 . However, -7-the reaction rate was less than that for L glass, but it was higher at 1200°C, as seen in type of glass appears to be similar to mullite at higher temperature.s.
(C) Character of Reacted Zones
The cracks in the reacted glass samples tend to follow the interfaces as observed in the right specimen of Fig. 6A . The adherence between the unreacted core and the transition layer appears to be better in the left specimen. A higher magnification (Fig. 68 ) of the portion inside the square in Fig. 6A , however, reveals a crack at the interface as indicated by a bright strip on the sample due to the charging effect on observation by SEM. The concentration profile of the cross-section in Fig. 7 also supports this observation. In the case of reacted mullite, on the other hand, the cracks go through the reaction interface (Fig. 9) indicating good interfacial adherence between the reacted and un reacted 1 ayers.
In all cases; the. residue Al 2 o 3 .layer remainsporous·and 
